Listeners are exquisitely sensitive to fine-grained acoustic detail within phonetic categories for sounds and words. Here we show that this sensitivity is optimal given the probabilistic nature of speech cues. We manipulated the probability distribution of one probabilistic cue, voice onset time (VOT), which differentiates word initial labial stops in English (e.g., ''beach" and ''peach"). Participants categorized words from distributions of VOT with wide or narrow variances. Uncertainty about word identity was measured by four-alternative forced-choice judgments and by the probability of looks to pictures. Both measures closely reflected the posterior probability of the word given the likelihood distributions of VOT, suggesting that listeners are sensitive to these distributions.
Introduction
The goal of speech perception can be characterized as finding the most likely intended message given a noisy acoustic signal. Any two minimally different speech categories (e.g., words, syllables, phones or features) may vary along several dimensions, with each dimension characterized by one or more acoustic-phonetic cues. These cues are highly variable due to a variety of speaker-specific (e.g., Johnson, L Peterson & Barney, 1952adefoged, & Lindau, 1993 Perkell, Zandipour, Matthies, & Lane, 2002; Peterson & Barney, 1952) and context-specific factors (e.g., Fougeron & Keating, 1997; Moon & Lindbloom, 1994; Wouters & Macon, 2002) , are variable even when individual words are produced by a single speaker in a consistent context in a laboratory setting, and this variability seems to be roughly normally distributed (Allen, Miller, & DeSteno, 2003; Newman, Clouse, & Burnham, 2001 ). Thus when perceiving speech, listeners are dependent on inherently probabilistic evidence (acoustic-phonetic cues produced by the speaker) to make judgements about events in the world (intended categories of the speaker). The goal of the current paper was to assess whether listeners behave as ''ideal observers" when using probabilistic acoustic information to recognize words.
Ideal observer models are increasingly being applied to perception in many domains and at multiple levels (e.g., Anderson, 1990; Barlow, 1957; Geisler, 1989; Griffiths & Tenenbaum, 2006; Todorov, 2004) . In these models, decisions about perceptual information are guided by several basic principles that guarantee that decisions will be optimal. The first principle is to acknowledge that the world provides only probabilistic information, which is inherently ambiguous at any given time. A second principle is that decisions should be made using all the available information. In order to take full advantage of probabilistic information these models use the entire probability distribution for each information source and each source is weighted according to its precision. The prediction for speech perception is that listeners should be sensitive to the entire probability distribution of acoustic-phonetic cues for a word and the precision or amount of certainty about a word that a particular cue provides should be inversely proportional to the variance of that cue for that word.
The probability distribution of an acoustic-phonetic cue for a particular word or speech category is the number of times each value of the cue has occurred as a member of that category. Fig. 1A shows hypothetical probability
